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Methods for Obtaining Suitable Information for Monthly
Precipitation and 2-Variable Maximum Entropy Distributions

Noriaki Socawa*, Masao ARAKI**, and Katsuhiko SHIMIZU***

Synopsis

Methods for obtaining optimum information for a 2-variable maximum entropy
distribution (2MED) were examined to estimate the hydrologic variable for the
design of a water-supply system between two basins. Information consisting of
statistical moments, and combined information of statistical moments and the expec-
tations of an exponential function were tested with a set of rainfall data in Nagano,
Nagoya and Tokyo. The goodness-of-fit (Log-likelihood,Akaike’s information crite-
rion and histogram) and stability of the return period were used as evaluation criteria
in selecting suitable information. Though the 2M (x* exp(—4x [ Mx), ¥, exp(—4y/
M,), xy) distribution for combined information ranked first in terms of goodness-of-
fit, it did not provide good stability of the return period because it exhibits a sensitive
reaction with regards to removed data. The 2M(x, x% y, ¥* xy) distribution for
statistical moments only showed excellent results for both evaluation criteria.
Therefore, it was judged from these results that the 2M(x, x%, v, ¥*, xy) distribution

was the optimum distribution for the data set used in this investigation.
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Table 1 Values of the LL and the AIC in the best five of the 2M(x%, exp(—bx [ Mx),
ve, exp(—dy [ M), xy) and in the 2M(x, x%, v, V%, xv).
(a) Nagano-Nagoya

Ranking px y) LL AIC
2M (x°, exp(— by [ Mx), v°, exp(—dy [ M), xv)
a b C d
1 2 4 2 4 —1030.113 | 2070.226
2 2 3 2 4 —1030.232 | 2070.464
3 2 4 2 3 —1030.234 | 2070.468
4 2 3 2 3 —1030.353 | 2070.707
5 2 4 2 2 —1030.393 1 2070.785
39 2M(x, 2%, v, V4 xv) —1032.492 | 2974.983
(b) Nagano-Tokyo
Ranking »(x v) LL AlIC
2M(x°, exp(—bx [ M), ¥°, exp{—dy [ M), xv)
a b c d
1 2 4 2 4 —1027.005 1 2064.010
2 2 3 2 4 ~1027.078 | 2064.155
3 2 4 2 3 —1027.228 | 2064.456
4 2 3 2 3 —1027.302 | 2064.604
5 2 4 2 2 —1027.380 1 2064.761
78 2M(x, %%y, Y2 xy) —1029.372 | 2068.744
(c) Nagoya-Tokyo
Ranking plx v) LL AIC
2M(x*, exp(—bx [ M), ¥°, exp(—dy [ My), xy)
a b ¢ d
1 2 4 2 4 —1083.755 | 2177.510
2 2 3 2 4 —1083.874 | 2177.748
3 2 4 2 3 —1083.920 | 2177.839
4 2 4 2 2 —1084.018 | 2178.036
5 2 3 2 3 —1084.039 | 2178.077
12 2M(x, 5%, v, ¥, x) —1084.650 | 2179.300

¥, T2 THVBHIMED %, EAKHEME~DBERAGE»SEHL T, 5 4 — 2%
5 fE I EE L 7 2M(x &, 3, v%, xy) & 2M (5%, exp(—bx [ M), ¥°, exp(—dy | My), xy)
D2ODEATTHBEY, 7oL, My My 3FNENFERER x, y CHIGTHF — 20
SEHETHD, a, b, ¢, diXl~4DEEET B, 2M(x, 2% v, v xy) 2R ET
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Fig. 2 Curved surface of 2M(x*? exp(—bx / Mx), y°, exp(—dy /M) in Nagano-Nagoya.
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Fig. 3 Curved surface of 2M(x, %%, v, ¥*, xy) in Nagano-Nagoya.
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Fig. 4 Histogram of 2M(x?, exp(—4x [ M), ¥%, exp(—4y [ My), xv), 2M{(x, x%, v, ¥*, xy) and
observed data in Nagano-Nagoya.
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(b) 2M(x* exp(—dx/ M), ¥*, exp(—2y [ My), xy)
Fig. 5 Curved surface of 2M(x? exp(—bx / M), v¢, exp(—dy | M,), xy) in Nagano-Tokyo.
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Fig. 6 Curved surface of 2M{x, x*, v, ¥*, xv) in Nagano-Tokyo.
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Fig. 7 Histogram of 2M (x?, exp(—4x [ M), v, exp(—4y [ My), xv), 2M{x, %%, 3, ¥*, xy)
and observed data in Nagano-Tokyo.
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HEOBEL2HELTHA, Moy, U 5HoBEREIERABEHL -5,
5 1 (b)) Ranking78& [ 6 35t = — 4 v + CEH2E 2 72 2M(x, x5 v, v xy) D
LL, AIC »iE, RUBEREESIAEchr s, 2o LL, AIC 3 ERD177-2 2 — v & HEg
T5 LTSS 52, 22T EIonfE ofMicKE R, T, RE—FHE

OBE LEE, B6 0FEBEESIHEMOBIRGE, £EM B 5 EBL B,

B 7 xR 4 AR, 2M(x? exp(—4x [/ M), v2, exp(—4y [ M,), xy), 2M(x, x%, v, ¥°,
xy), ROEF — 2 OFEBERE AL D Th 5, MED A v v a Db, HIEOS
HORFNET — 2 i iBlL T b 2 v o 2 Bz 2@ TH D, BODRA vy 2aTR2DODH
FOET — 2 ~OEME O BT UEEr - 7o,

frk, T THHMHEHOME THIEETLY, BEITRRIOLATE-RECIHE
Lic LL & AIC DfELBE L T 5, LI UoSHRETR—4HE, R —ER0%
BAELTTHY, Histz— 2 v+ OATERY G 2 oL E LR R % b 2155
RE = OGTRIAITH 5 Fed, Tk b EALoSsTE & o Te B isEE TR T
KE X - T,
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41T, FoiEHEoEAELR T LUIMNOSHIIFA L TH s oicd, T2 T
EF—HEOBSCE- TV & v )+ FOREWRPHRE Lz, i, XEcoffiEm,
BRI A B 2D OFAGTEICE L e 2R TH L8 h b, ZORETHSR
Lichxy b —FEOREBEYBBE LY 2 -V U4 FORENE, Thbbyy
ESHREEAGLVCBOWMYOREE AR L - e L, SEOBREMIIZ, 4.10)0 LL,
AIC T HIOHDHETY 2 —v £ ) 4+ FI0EMIT & 75 x, vy OFHED1/3.198) @ &
(x:31.6345 mm, y:47.0495mm) &, BREIS0EMITE 0D x, y OFHED(1/2.613)D
fE(x:38.7164mm, y:47.0495mm) TH 3, FiE %), BEZOLET5, BV
Fivx, LL AIC THEH B WEZ T L 2M(x? exp{—4x | My), v°, exp(—4y | M), xv)
&, 1EROBENORADHIZERFI & L S ot = — 4 v b DL THERY
Hzi2M(x % v, ¥2, xy) D200 TH B, H2ICHEBELBECNTZ Y 2 - vy

Table 2 Coefficient of variation of the return period.
(a) Case: x=31.6345(mm), y=47.0495(mm)

Unbiased| Sample | Coefficient
plx, v) Mean . ) ..
Variance | Variance | of Variation

2M (7, exp( 4x/Mx) v2 exp(—4y /| My), xy) 100.246 | 30. 6077 30.2750 0.0548879

2M(xx v, ¥%, 1) 53.323 405075 4.00672 | 0.0375388

(b) Case: x=38.7164(mm), y=57.5824(mm)

Unbiased| Sample | Coefficient
Variance | Variance | of Variation

ZM(x exp(—4x [/ Mx), %, exp(—4y [ M,), xy)| 50.0848 | 4.84009 | 4.78748 | 0.436865

plx, v) Mean

2M(x, x%, v, ¥*, xy) 32.7700 | 1.25663 | 1.24297 | 0.340216
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G——@ 2M (x2,exp(-x/M), v2,exp(-8y/My), x ¥
@ 2M (x,x2,v.v2.x¥y)
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(a) Case: x=31.6345(mm), y=47.0495(mm)
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(b) Case: x=238.7164(mm), y=57.5824(mm)
Fig. 8 Stability of the return period.
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